PDFR: they found that all of the lLN v s, one of the LN d s, seven of the DN1s and one of the DN1 pacemaker neurons co-label with per-driven GFP. Anti-PDFR-N thus labels a higher proportion of pacemaker neurons than anti-PDFR-C (Figure 2 ). While the reasons for these differences are not yet clear, they should be resolved in short order. Further work will focus also on the nonclock PDFR neurons that constitute the pacemaker output pathways.
Instead, all cellular DNA sliding clamps are stable in the closed ring form [3,10,11], and consequently they must be actively loaded onto DNA at double-stranded/singlestranded DNA junctions, placing them at exactly the right place for DNA replication and repair. This process is accomplished by an ATP-fueled clamp-loader protein complex: replication factor C (RFC) in eukaryotes and archaea, and the γ γ-complex in bacteria. Once on the DNA, the clamp reseals around the DNA and the clamp loader is ejected. Implicit in this description of loading are two postulates: that the clamp actually forms a closed ring around DNA, and that, at some prior moment, the clamp ring must be somehow opened. While there has been ample evidence for this, direct observations of these two points have been lacking. For example, last year a crystal structure was determined of the PCNA clamp bound to the RFC clamp-loader complex in the presence of a non-hydrolysable ATP analogue, but the clamp remained closed [12] .
Most recently, however, electron microscopy (EM) has afforded a glimpse into the process of PCNA clamp loading onto DNA [13] . In the reported images, two features stand out: first, the DNA helix was clearly observed running through the middle of the PCNA clamp and into the RFC clamp loader and, secondly, the clamp is open and resembles a right-handed lock-or spring-washer ( Figure 1A) . Thus, the two postulates above have now been directly confirmed. Because of the limits of EM resolution, no atomic details about molecular interactions within the complex could be observed, but an accompanying modeling and simulation paper [14] provides some important clues as to what it takes for PCNA to adopt such a distorted shape. Molecular dynamics simulations of dimeric PCNA (normally a homo-trimer) imply that, once opened, the clamp tends to move toward the springwasher conformation similar to that seen by EM ( Figure 1B) . Analysis of the simulations also suggests that most of the flexibility occurs at the intermolecular interfaces. These two papers [13, 14] , therefore, are mutually consistent in furthering our knowledge of the mechanics of DNA sliding clamps.
In the first of the new papers, Miyata et al. [13] report averaging nearly 20,000 EM images of the archaeal RFC-PCNA-DNA complex to achieve high enough resolution (12 Å) to identify unambiguously the relative positions, orientations, and even the conformational state of the biomolecular complex. Even in the absence of atomic detail, this EM structure is the first view of a double-stranded DNA helix (a 30-mer strand primed by 11 bases) running through the middle of a clamp. Using biotin/streptavidin labeling, the authors were also able to infer an approximate exit path for single-stranded DNA out of the clamp loader. The way out for DNA may lie in the RFC crack lined up, mostly it seems, by individual domains of the large RFC subunit (red arrow in Figure 1A) . [12] . Although parts of this additional tag are significantly disordered (and therefore unresolved), at least part of it can be seen binding to the neighboring subunit, effectively bridging across one of the interfaces, creating significant hydrophobic contact and likely stabilizing the interface. It has been thought that the mechanism of clamp opening depends on the loader destabilizing one of the subunit interfaces, a notion supported by the crystal structure of a complex of one loader subunit (δ δ) from Escherichia coli with half the β β clamp [17] . Although the extra amino-terminal residues may not prevent the clamp from being actively loaded, it is certainly possible that the energy provided by these contacts is sufficient to bias the clamp toward the closed state, preventing it in the all-ornone process of crystal formation from opening fully and engaging the spiral surface of the clamp loader.
Perhaps most interesting is that
The second paper [14] ring (red, dotted) [20] , making this orientation incompatible with the high affinity for the clamp and thus allowing the loaded clamp to disengage.
As discussed above, new data from electron microscopy and insights from molecular dynamics simulations are rapidly completing the picture of how clamp loading occurs. When it was first realized that sliding clamp loaders involve a complex of five proteins that must open the clamp, load it onto DNA and release itself in an ATP-driven process, the mechanistic details were expected to be quite complicated, and they have lived up to those expectations. Somewhat surprising, however, has been that the seemingly passive clamp would also hold such fascinating features as the conformational agility observed by EM and by molecular dynamics simulations. As the role of DNA sliding clamps continues to expand from processivity factor to central player in DNA metabolism, it is also being realized how finely tuned these proteins are for binding other proteins, for tenaciously grabbing and sliding on DNA, and now it seems for assisting in the loading process. It might well be that sliding clamps still have surprises left to be discovered.
